Fluorescence characteristics of a biologically active natural alkaloid, luotonin A (LuA) was studied by steady-state and time-resolved spectroscopic methods. The rate constant of the radiationless deactivation from the singlet-excited state diminished by more than one order of magnitude when the solvent polarity was changed from toluene to water. Dual emission was found in polyfluorinated alcohols of large hydrogen bond donating power due to photoinitiated proton displacement along the hydrogen bond. In CH 2 Cl 2 , LuA produced both 
Introduction
Compounds composed of at least two nitrogen-heterocyclic rings have received considerable attention due to their versatile photophysical properties. [1] [2] [3] [4] [5] [6] Light absorption of these species altered the charge density on the heteroatoms inducing considerable change in the acid-base strength. Consequently, photoinduced proton transfer or excited-state tautomerization could occur. [7] [8] [9] [10] The effect of hydrogen bonding on the competition among the various deactivation pathways of excited azacarbazole alkaloids [11] [12] [13] [14] [15] [16] _ENREF_11_ENREF_11 was revealed. The interaction with hydrogen bond acceptors and donors also led to substantial variation in the fluorescence characteristics of a pyridocarbazole alkaloid, ellipticine. [17] [18] [19] It was demonstrated that its dual fluorescence in methanol arose from excited state intermolecular proton transfer from the solvent to the nitrogen of the six-membered heterocyclic ring of the fluorophore. 19, 20 In the present work, we focused on the fluorescent behavior of luotonin A (LuA). This is a natural pyrroloquinazolinoquinoline alkaloid (Scheme1) isolated from the Chinese plant Peganum nigellastrum, which has been used for the treatment of rheumatism, abscess, and inflammation. 21, 22 LuA also has antitumor activity, 23, 24 and inhibits human DNA topoisomerase I enzyme. 25 Its _ENREF_1molecular structure resembles that of camptothecin derivatives employed in cancer chemotherapy. 26 Several routes have been developed for the synthesis of LuA and its analogues. [27] [28] [29] These compounds bind to the minor grove of the double-stranded DNA with equilibrium constants 220-1300 M 1 leading to fluorescence quenching. 30 LuA derivatives can be quantified by HPLC separation, and fluorimetric detection in human serum.
31
Despite the biomedical importance of luotonin A, only very few information is available on its photophysical properties. The solvent, substituent and pH dependence of the fluorescence characteristics have been explored, 32 but time-resolved fluorescence measurements have not been performed. In the present paper, we reveal how the solvent polarity and strong hydrogen bonding affect the kinetics of excited-state deactivation, and demonstrate that LuA can serve as a chelating agent for metal ions.
Experimental
Luotonin A (LuA) (Sigma), polyfluorinated alcohols (Aldrich) and metal salts (Aldrich) were used without further purification. Fluorescence quantum yields ( f ) were determined relative to that of quinine sulfate in 0.5 M H 2 SO 4 solution, for which a reference yield of  f = 0.546 was taken. 33 The UV-visible absorption spectra were recorded on a Unicam UV 500
spectrophotometer. Corrected fluorescence spectra were obtained on a Jobin-Yvon
Fluoromax-P spectrofluorometer. Fluorescence decays were measured with a time-correlated single-photon counting technique on a previously described apparatus. 34 Data were analyzed by a non-linear least-squares deconvolution method with Picoquant FluoFit software. All measurements were performed in air-saturated solutions at 297±2 K. The number of linearly independent absorbing or emitting species was determined by matrix rank analysis employing the program MRA 3.11 developed by Peintler et al. 35 The 
Results and discussion

Solvent effect on photophysical parameters
The quantum yield ( f ) and lifetime ( f ) of the fluorescence of LuA exhibited marked solvent dependence ( 
Effect of hydrogen bonding in CH 2 Cl 2
To gain insight into the details of the photophysical processes initiated by hydrogen bonding, the effect of HFIP was examined in CH 2 The equilibrium constants of 1:1 (K 1 ) and 1:2 (K 2 ) complexes were calculated by global analysis of the experimental results in the 330-390 nm range. Since HFIP was added in a large excess compared to LuA, the absorbance change was described by the function: Addition of Zn(NO 3 ) 2 caused a similar spectral change, but the driving force of Zn 2+ complexation was significantly smaller than that of Cd 2+ . The equilibrium constants derived from spectrophotometric and fluorescence spectroscopic titrations are summarized in Table 2 .
The larger stability of the Cd 2+ complex may originate partly from the better match of the ion size and the structural features of LuA compared to the smaller Zn 2+ . The weaker solventsolute interaction with the bulkier Cd 2+ also contributed to its larger binding affinity. The quantum yields and lifetimes of fluorescence were 0.13 and 0.94 ns for Cd 2+ -LuA, whereas 0.25 and 2.4 ns were found for Zn 2+ -LuA. The difference in these photophysical parameters may stem primarily from the more substantial heavy atom effect of Cd 2+ , which promoted more rapid radiationless deactivation from the singlet-excited state.
To confirm the number of light absorbing and fluorescent species, matrix rank analysis of the spectra was carried out. The residual absorbance and fluorescence intensity curves exhibited random distribution in the case of two absorbing or fluorescent species implying that LuA produced only 1:1 complex with Cd 2+ and Zn 2+ under the conditions of our studies.
Solvent effect on the stability and fluorescence of metal complexes
To reveal how the interaction with solvent influences the stability and fluorescent characteristics of LuA complexes, experiments were performed in acetonitrile-water mixtures. Addition of water affected the fluorescent properties of Cd 2+ -LuA analogously to that found for Zn 2+ -LuA, but the changes occurred at larger water concentration. Figure 7 demonstrates that more water is needed to eliminate the binding of Cd 2+ to LuA. The difference in the affinity to water is due to the 47. Figure 5A , but the binding affinity was significantly lower than in the case of Cd 2+ (Table 2) Table 2 . In contrast to the considerable water effect on the binding affinity of Cd 2+ and Zn 2+ , the stability of Ag + -LuA complex decreased only a small extent upon addition of 3.5 M water. The different behavior was ascribed to the strong preferential solvation of the monovalent ions by acetonitrile, whereas the divalent ions were preferentially solvated by the water component in water-acetonitrile mixtures. 45 It was demonstrated that the standard molar free energies of the transfer of ions from acetonitrile to water are 23.2, 42.2 and 68.7 kJmol 1 for Ag + , Cd 2+ and Zn 2+ , respectively. 44 The substantial rise of exothermicity explains the increase of water sensitivity of the LuA complexes in the series of these cations. The strength of the coordination of water to metal cation is the dominant factor controlling the driving force of metal complex formation. The hydrogen bonding of LuA to water has less significant influence.
Conclusions
The fluorescence properties of LuA were sensitive to the bulk polarity of the microenvironment and specific hydrogen bonding interactions alike. The increase of the former factor decelerated the radiationless deactivation from the singlet-excited state, whereas the latter effect facilitated photoinduced proton transfer in solvents of strong hydrogen bond 
